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FIELD OF THE INVENTION 

[0001] The present invention generally relates to the field of data communications. More 

specifically, embodiments of the present invention pertain to architectures, circuitry, systems and 
methods for reducing latency in data communications. 

DISCUSSION OF THE BACKGROUND 

[0002] FIG. 1 shows a conventional repeater architecture 10. Repeater 10 is configured 

to receive and transmit serial data streams between two clock domains in a network. Host 20 is 
the source of a serial data stream DATA, and device 30 is the destination of the serial data stream 
DATA. Host 20 operates in a first clock domain having a first frequency/;, repeater 10 operates 
in a second clock domain having a second frequency f 2 , and device 30 operates in a third clock 
domain having a third frequency/j. 

[0003] Repeater 10 generally includes a first receiver 12 for receiving serial data stream 

DATA from host 20, a first transmitter 14 for transmitting serial data stream DATA to device 30, 
and a first-in-first-out (FIFO) memory or elastic buffer 16 for buffering the serial data stream 
between receiver 12 and transmitter 14. Repeater 10 also generally includes a second receiver 22 
for receiving a second serial data stream from another source (i.e., a host or device, including 
device 30, other than host 20) and a second transmitter 24 for transmitting the second serial data 
stream to another destination (i.e., a host or device, including host 20, other than device 30). 

[0004] Receiver 12 generally includes a clock data recovery circuit, decoding circuitry 

and serial-to-parallel data conversion circuitry. Transmitter 14, on the other hand, generally 
includes encoding circuitry, parallel-to-serial data conversion circuitry and a transmitter clock for 
transmitting data to an external destination. Elastic buffer 16 has a first write port (and 
associated data writing circuitry) configured to write data received from receiver 12 into memory 
cells in the elastic buffer at a first internal frequency. Elastic buffer 16 also has a first read port 
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(and associated data reading circuitry) configured to read data from memory cells in the elastic 
buffer at a second internal frequency, which is generally about the same as the first internal 
frequency. 

[0005] Data transmitted across conventional serial transmission media (e.g., copper wire, 

5 optical fiber) having a certain minimum length is reasonably likely to have some jitter. In some 
cases, the jitter in the incoming data stream may cause glitches, false data, incorrect processing 
operations (such as incorrect clock recovery adjustments), and other data transmission errors. In 
such cases, a clock signal recovered from the incoming data stream also has jitter that is carried 
forward, reproduced or otherwise incorporated from the jitter in the incoming data stream. 

10 However (and at least in part to minimize the jitter introduced into a data stream by transmission 
media), transmitter 14 generally transmits data using a "clean," or substantially jitter-free clock 
signal. Thus, unless repeater/transceiver 10 is configured to remove such jitter or reduce its 
effects, data communications using the repeater/transceiver 10 may be unacceptably error-prone. 
Thus, conventional approaches to generating a "clean" transmitter clock signal have generally 

15 tried to keep the transmitter clock and the recovered clock somewhat independent of each other. 
For example, even when the transmitter clock and the recovered clock have the same nominal 
frequency in a given application, to minimize any jitter that may be propagated by the recovered 
clock, designers sometimes lock the transmitter clock to (and/or adjust the transmitter clock with 
reference to) a third clock (although the third clock be adjusted with respect to the recovered 

20 clock). Thus, elastic buffer 16 not only temporarily stores data during data transfer across time 
domains (including from a "jittery" clock domain to a "clean" clock domain), but in effect, can 
also buffer any phase and/or frequency difference between the two different clock domains. 

[0006] However, elastic buffer 16 generally requires a number of clock cycles to store 

and retrieve data, thus introducing latency into the data communication path in the repeater 10. 
25 Furthermore, the memory cells in elastic buffer 16 generally must be stored and retrieved in 
blocks, typically of a multiple of 8 bits (e.g., 8, 16, 32 or 64 bits). This structure in the FIFO 
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memory array necessitates deserializer and serializer circuitry in the receiver and transmitter, 
respectively. Deserializer and serializer circuitry uses rows or banks of latches or registers for 
temporary storage of data as it is converted from one form to another, thereby introducing further 
latency into data communications through repeater 10. 

[0007] As is known in the art, latency increases the overall time for data communications 

and reduces throughput (i.e., bits per second sent through the repeater). Under certain conditions 
and/or in certain applications, the latency introduced by elastic buffer 16, receiver 12 and 
transmitter 14 may be unacceptably high. Therefore, a need exists to reduce latency in high- 
speed repeaters. 
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SUMMARY OF THE INVENTION 

[0008] Embodiments of the present invention relate to architectures, circuitry, systems 

and methods for facilitating and/or reducing latency in data transfer operations. The architecture 
generally comprises (a) a clock recovery loop receiving data from a host device and providing a 
5 recovered clock signal, (b) a low pass filter configured to filter recovered clock signal 
information and provide a transmitter clock adjustment signal that adjusts the transmitter clock in 
response to the (filtered) recovered clock signal information and a difference between the 
recovered clock signal and a transmitter clock signal, and (c) a transmitter communicatively 
coupled to the low pass filter, configured to receive the transmitter clock adjustment signal and 

10 transmit the data to a destination device in accordance with (or in response to) the transmitter 
clock signal. The circuitry generally comprises (i) a clock alignment block configured to receive 
first and second periodic signals and provide a data transfer control signal in response thereto; (ii) 
a first filter circuit configured to receive first periodic signal information and provide a filtered 
clock information signal in response thereto; and (iii) a logic circuit configured to mathematically 

15 combine the data transfer control signal and the filtered clock information signal and provide an 
adjustment signal for the second periodic signal in response thereto. The systems generally 
comprise those systems that include an architecture and/or a circuit embodying one or more of 
the inventive concepts disclosed herein. The method generally comprises the steps of (1) 
determining a phase difference between a first periodic signal and a second periodic signal, the 

20 first periodic signal being recovered from a data stream; (2) adjusting the second periodic signal 
in response to the phase difference and filtered information from the first periodic signal; and (3) 
transmitting the data stream in accordance with (or in response to) the adjusted second periodic 
signal. 

[0009] The present invention advantageously reduces the number of clock cycles required 

25 for data to be transmitted and/or repeated from one device to another. By eliminating a FIFO, the 
invention also reduces any need for complex FIFO logic circuitry, such as fullness flags, look- 
ahead logic, etc. 
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[00010] These and other advantages of the present invention will become readily apparent 
from the detailed description of preferred embodiments below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a diagram showing a conventional serial transceiver architecture for 

receiving and transmitting serial data streams between two clock domains. 

[0011] FIG. 2 is a block diagram of an embodiment of the present invention. 

5 [0012] FIG. 3 shows an implementation of the low pass filter of FIG. 2. 

[0013] FIG. 4 is a block diagram of a second embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] Reference will now be made in detail to the preferred embodiments of the 

invention, examples of which are illustrated in the accompanying drawings. While the invention 
will be described in conjunction with the preferred embodiments, it will be understood that they 
5 are not intended to limit the invention to these embodiments. On the contrary, the invention is 
intended to cover alternatives, modifications and equivalents, which may be included within the 
spirit and scope of the invention as defined by the appended claims. Furthermore, in the 
following detailed description of the present invention, numerous specific details are set forth in 
order to provide a thorough understanding of the present invention. However, it will be readily 
10 apparent to one skilled in the art that the present invention may be practiced without these 
specific details. In other instances, well-known methods, procedures, components, and circuits 
have not been described in detail so as not to unnecessarily obscure aspects of the present 
invention. 

[0015] Some portions of the detailed descriptions which follow are presented in terms of 

15 processes, procedures, logic blocks, functional blocks, processing, and other symbolic 
representations of operations on data bits, data streams or waveforms within a computer, 
processor, controller and/or memory. These descriptions and representations are generally used 
by those skilled in the data processing arts to effectively convey the substance of their work to 
others skilled in the art. A process, procedure, logic block, function, process, etc., is herein, and 
20 is generally, considered to be a self-consistent sequence of steps or instructions leading to a 
desired and/or expected result. The steps generally include physical manipulations of physical 
quantities. Usually, though not necessarily, these quantities take the form of electrical, magnetic, 
optical, or quantum signals capable of being stored, transferred, combined, compared, and 
otherwise manipulated in a computer or data processing system. It has proven convenient at 
25 times, principally for reasons of common usage, to refer to these signals as bits, waves, 
waveforms, streams, values, elements, symbols, characters, terms, numbers, or the like. 
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[0016] It should be borne in mind, however, that all of these and similar terms are 

associated with the appropriate physical quantities and are merely convenient labels applied to 
these quantities. Unless specifically stated otherwise and/or as is apparent from the following 
discussions, it is appreciated that throughout the present application, discussions utilizing terms 
5 such as "processing," "operating," "computing," "calculating," "determining," "manipulating," 
"transforming," "displaying" or the like, refer to the action and processes of a computer or data 
processing system, or similar processing device (e.g., an electrical, optical, or quantum 
computing or processing device), that manipulates and transforms data represented as physical 
(e.g., electronic) quantities. The terms refer to actions and processes of the processing devices 
10 that manipulate or transform physical quantities within the component(s) of a system or 
architecture (e.g., registers, memories, other such information storage, transmission or display 
devices, etc.) into other data similarly represented as physical quantities within other components 
of the same or a different system or architecture. 

[0017] Furthermore, for the sake of convenience and simplicity, the terms "clock," 

15 "time," "rate," "period" and "frequency" (and grammatical variations thereof) are generally used 
interchangeably herein, but are generally given their art-recognized meanings. Also, for 
convenience and simplicity, the terms "data," "data stream," "waveform" and "information" may 
be used interchangeably, as may the terms "connected to," "coupled with," "coupled to" and "in 
communication with" (all of which may connote a direct or indirect relationship), and the terms 
20 "transmit," "transfer," "communicate" and "repeat" (and grammatical variations thereof), but 
these terms are also generally given their art-recognized meanings. Also, in the context of the 
present application, the phrases "in accordance . with" and "in response to" may be used 
interchangeably and generally have their art-recognized meanings, but "in response to" generally 
implies a direct relationship, whereas "in accordance with" generally implies a direct or indirect 
25 relationship. 
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[0018] The present invention concerns a repeater and/or multiplexer architecture for data 

communications, generally comprising (a) a clock recovery loop receiving data from a host 
device and providing a recovered clock signal, (b) a low pass filter configured to filter recovered 
clock signal information and provide a transmitter clock adjustment signal that adjusts the 
5 transmitter clock in response to the (filtered) recovered clock signal information and a difference 
between the recovered clock signal and a transmitter clock signal, and (c) a transmitter 
communicatively coupled to the low pass filter, configured to receive the transmitter clock 
adjustment signal and transmit the data to a destination device in accordance with (or in response 
to) the transmitter clock signal. 

10 [0019] A further aspect of the present invention concerns a circuit for facilitating data 

transfer operations, generally comprising (i) a clock alignment block configured to receive first 
and second periodic signals and provide a data transfer control signal in response thereto; (ii) a 
first filter circuit configured to receive first periodic signal information and provide a filtered 
clock information signal in response thereto; and (iii) a logic circuit configured to mathematically 

15 combine the data transfer control signal and the filtered clock information signal and provide an 
adjustment signal for the second periodic signal in response thereto. 

[0020] An even further aspect of the invention concerns a method of facilitating data 

communications, generally comprising the steps of (1) determining a phase difference between a 
first periodic signal and a second periodic signal, the first periodic signal being recovered from a 
20 data stream; (2) adjusting the second periodic signal in response to the phase difference and 
filtered information from the first periodic signal; and (3) transmitting the data stream in 
accordance with (or in response to) the adjusted second periodic signal. 

[0021] Even further aspects of the invention concern systems embodying the inventive 

concepts described herein, that generally include the present architecture and/or circuit, and/or 
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that practice the present method. The invention, in its various aspects, will be explained in 
greater detail below with regard to exemplary embodiments. 

[0022] An Exemplary Architecture 

[0023] In one aspect, the present invention concerns a repeater and/or multiplexer 

5 architecture that generally includes (a) a clock recovery loop receiving data from a host device 
and providing a recovered clock signal, (b) a low pass filter configured to filter recovered clock 
signal information and provide a transmitter clock adjustment signal that adjusts the transmitter 
clock in response to the (filtered) recovered clock signal information and a difference between 
the recovered clock signal and a transmitter clock signal, and (c) a transmitter communicatively 

10 coupled to the low pass filter, configured to receive the transmitter clock adjustment signal and 
transmit the data to a destination device in accordance with the transmitter clock signal. In this 
arrangement, the present architecture avoids any need for a FIFO memory to buffer data between 
the receiver and the transmitter. By omitting a FIFO buffer, the present architecture reduces 
latency in data communication operations by at least two clock cycles, a significant improvement 

1 5 over the architecture of FIG. 1 . 

[0024] Referring now to FIG. 2, an exemplary repeater and/or transceiver architecture 

100 is shown. Transceiver 100 is configured to transfer data between first and second devices 
(e.g., from host or source device 140 to destination device 150). Transceiver 100 generally 
includes first and second receivers 102 and 104, first and second transmitters 106 and 108, phase 

20 detector 110, receiver digital timing loop 112, receiver interpolator 114, transmitter low pass 
filter 116 and transmitter interpolator 118. Phase detector 110, receiver digital timing loop 112, 
and receiver interpolator 114 are part of a clock recovery circuit 120 that, in combination with 
certain elements of receiver 104 (e.g., a phase detector that receives both a received data stream 
DATA and the output of receiver interpolator 114), also form a timing loop that may be 

25 configured to recover a periodic signal (or "clock") from the incoming data stream DATA. 
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[0025] As shown in FIG. 2, receiver 104 receives incoming data DATA from a host 

device 140 and provides a recovered clock signal RxclkL. Receiver 104 is conventional, and 
operates in accordance with conventional techniques and methodology. Recovered clock signal 
RxclkL is input into phase detector 110 and low pass filter 116. Phase detector 110, which may 
5 be located in receiver block 104, is configured to determine at least a phase difference between 
the recovered clock signal RxclkL and incoming data stream DATA. Phase detector 110 may 
also determine a frequency difference between the recovered clock signal RxclkL and data 
stream DATA. In this embodiment, recovered clock signal RxclkL generally comprises the 
output of interpolator 114. Alternatively, phase detector 110 may receive a reference signal REF 
10 instead of data stream DATA. Reference signal REF may be a reference clock signal generated 
by an internal or external phase locked loop (PLL), crystal oscillator, or other source of a stable 
periodic signal (e.g., having a relatively constant frequency and/or amplitude). 

[0026] Upon determining a phase and/or frequency difference between recovered clock 

signal RxclkL and reference clock signal REF, digital timing loop 112 processes phase and/or 

15 frequency difference information output from phase detector 110 and provides a recovered clock 
adjustment signal 122 in response thereto. Such phase and/or frequency difference information 
may be digital or analog, and if digital, it may be single-bit or multi-bit. In one implementation, 
the phase and/or frequency difference information comprises a single-bit, three-state signal (e.g., 
having a value of 1, 0 or -1). Furthermore, recovered clock adjustment signal 122 may also be 

20 digital or analog, and if digital, it may be single-bit or multi-bit. Preferably, recovered clock 
adjustment signal 122 is a multi-bit digital signal. 

[0027] Digital timing loop 1 12 operates on phase and/or frequency difference information 

using conventional digital or analog signal processing circuitry, techniques and /or methodology, 
depending on the digital or analog nature of the phase and/or frequency difference information. 
25 Exemplary digital timing loops are described in detail in copending U.S. application serial no. 
10/ , , filed July 14, 2003 (Attorney Docket No. MP0227), the relevant portion(s) of which 
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are incorporated herein by reference. In exemplary implementations, digital timing loop 112 
comprises a plurality of phase- and/or frequency-adjusting paths, each such path comprising a 
filter, each such frequency-adjusting path further comprising a frequency tracking circuit (e.g., an 
integrator), and the outputs of such paths generally being combined by one or more adders. The 
5 recovered clock signal information 122 may be taken from any node or nodes in digital timing 
loop 112 (e.g., one or more filter outputs, frequency tracking circuit outputs and/or adder 
outputs), but most preferably, recovered clock signal information 122 is taken from the output of 
the digital timing loop 112, and recovered clock signal information 122 contains both phase 
information and frequency information. Thus, digital timing loop 112 is one exemplary 
10 implementation of a recovered clock adjustment circuit that is configured to adjust the recovered 
clock signal in response to a phase and/or frequency difference between the recovered clock 
signal and either the reference clock signal or incoming data stream. 

[0028] The recovered clock adjustment signal 122 is received by receiver interpolator 

114 and low pass filter 116. Receiver interpolator 114 is one exemplary implementation of a 

15 recovered clock signal generating circuit that is adjusted by digital timing loop 112. Receiver 
interpolator 114 is conventional, and operates in accordance with conventional techniques and 
methodology. Generally, in response to an appropriate adjustment signal, an interpolator selects 
one of multiple available phases of a reference clock configured to have a frequency equal to or 
about the frequency of the incoming data stream received by receiver 104. However, an 

20 interpolator may be replaced in the present architecture by a conventional voltage- or current- 
controlled oscillator (in \yhich case the recovered clock adjustment signal may be an analog 
signal) or other circuit configured to generate an adjustable periodic signal. 

[0029] As described above, low pass filter 116 is configured to filter the recovered clock 

signal RxclkL and provide a transmitter clock adjustment signal that adjusts the transmitter clock 
25 in response to a difference between recovered clock signal RxclkL and a transmitter clock signal 
TxclkL. In the present architecture, low pass filter 116 may be configured to (i) reduce jitter in 
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the recovered clock signal and/or (ii) filter the recovered clock adjustment signal. Conventional 
low pass filters that are generally effective at removing undesired frequencies from digital 
waveforms may be generally suitable for use in the present architecture. However, the present 
inventors have developed an inventive filter circuit for this purpose (and others). An exemplary 
5 filter circuit, which is shown in FIG. 3, is discussed in greater detail below. 

[0030] Referring back to FIG. 2, low pass filter 116 may be configured to provide the 

transmitter clock adjustment signal in response to both (i) the recovered clock adjustment signal 
and (ii) the phase and/or frequency difference between recovered clock signal RxclkL and 
transmitter clock signal TxclkL. As is shown in greater detail in FIG. 3, low pass filter 116 may 

10 comprise (a) a clock alignment block 200 configured to determine a phase and/or frequency 
difference between recovered clock signal RxclkL and the transmitter clock signal TxclkL, and 
(b) a filter block 210 configured to provide a filtered recovered clock adjustment signal. Low 
pass filter 116 may further comprise a circuit (e.g., adder 220) configured to generate the 
transmitter clock adjustment signal from (i) the recovered clock adjustment signal and (ii) the 

15 phase and/or frequency difference between the recovered and transmitter clock signals. 

[0031] Referring again back to FIG. 2, architecture 100 further comprises a 108 

transmitter communicatively coupled to low pass filter 1 16, configured to receive the transmitter 
clock adjustment signal and transmit the data stream DATA to a destination device 150 in 
accordance with (or in response to) transmitter clock signal TxclkL. In a preferred embodiment, 
20 the architecture further includes receiver 104, configured to receive an incoming serial data 
stream DATA and facilitate recovery of clock signal RxclkL from the data. In one 
implementation, phase detector 110 is part of receiver 104, and reference signal REF is the 
incoming data stream DATA. 
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An Exemplary Circuit 

[0032] In one aspect, the present invention relates to a circuit, comprising (a) a clock 

alignment block configured to receive first and second periodic signals and provide a data 
transfer control signal in response thereto; (ii) a first filter circuit configured to receive first 
5 periodic signal information and provide a filtered clock information signal in response thereto; 
and (iii) a logic circuit configured to mathematically combine the data transfer control signal and 
the filtered clock information signal and provide an adjustment signal for the second periodic 
signal in response thereto. In preferred implementations, the inventive circuit is at least part of 
low pass filter 1 16 in a repeater, transceiver and/or multiplexer architecture, the first and second 
10 periodic signals comprise a recovered clock signal and a transmitter clock signal, and/or the 
adjustment (or control) signal for the second periodic signal is configured to reduce the 
difference between the first and second periodic signals. 

[0033] FIG. 3 shows an exemplary embodiment of low pass filter 116 from FIG. 2, 

including clock alignment block 200, filter block 210 and adder 220. Clock alignment block 200 

15 generally enables simultaneous recovered/transmitter clock alignment and data filtering. Filter 
block 210 generally filters the recovered clock adjustment information (which, in a preferred 
embodiment, comprises a multi-bit digital signal) and enables the transmitter clock to track the 
frequency of the recovered clock. Adder 220 is an exemplary embodiment of a logic circuit that 
mathematically combines data transfer control signal 208 and filtered clock information signal 

20 226 to generate an adjustment signal TxCNTRL for adjusting the transmitter clock signal 

TxclkL. When recovered clock signal information 122 comprises a multi-bit digital signal that 
contains phase and/or frequency information, filter 116 comprises digital circuitry, which is 
generally less costly to implement and more flexible than corresponding analog circuitry. 

[0034] The clock alignment block 200 generally comprises a phase detector 202 

25 configured to receive the first and second periodic signals, multiplier 204 and integrator 206. 

Phase detector 202 generally receives recovered clock signal RxclkL and transmitter clock signal 
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TxclkL, and is configured to align the phases of the two clock signals. Multiplier 204 is 
preferably a conventional digital filter that multiplies phase and/or frequency difference 
information from phase detector 202 by a coefficient y. Preferably, coefficient y is sufficiently 
small that data transfer control signal 208 does not overwhelm filtered clock information signal 
5 226. For example, when data transfer control signal 208 and filtered clock information signal 
226 each comprise digital signals having a width of 4 or more bits (preferably 6 or more bits), the 
most significant non-zero bit of data transfer control signal 208 may be no more than 5 bits (and 
preferably no more than 3 bits) more significant than the most significant non-zero bit of filtered 
clock information signal 226. Thus, in addition to phase detector 202, clock alignment block 200 
10 may further comprise a filter circuit configured to filter an output of the phase detector 202 and 
provide the data transfer control signal 208. The output of clock alignment block 200 enables 
transmitter 108 to use the transmitter clock TxclkL to latch and/or transmit the data (e.g., 
contained in the signal DATA received by transceiver 100) without first storing it in a FIFO 
buffer. 

15 [0035] Filter block 210 may include a frequency tracking loop, comprising adder 212, 

multiplier 214, and integrator 218. Preferably, filter block 210 is configured to ensure that 
transmitter clock TxclkL has (approximately) the same frequency as receiver clock RxclkL. 
Adder 212 is configured to add recovered clock signal information 122 and the filtered clock 
information signal output from filter block 210. Multiplier 214 is configured to multiply an 

20 output of adder 212 by a coefficient a. Multiplier 214 is preferably a conventional digital filter 
that multiplies frequency tracking information from adder 212 by coefficient a. Preferably, 
coefficient a is sufficiently small that the bandwidth of the frequency tracking loop remains small 
(e.g., at or below a predetermined threshold, preferably about or less than a 1/n fraction of the 
RxclkL and/or TxclkL frequency, where n is an integer of from 2 to 20, more preferably where n 

25 is from 4 to 10). Integrator 218 is configured to receive filtered frequency tracking information 
from multiplier 214 and provide filtered clock information signal 226. Filtered clock information 
signal 226 is preferably a multi-bit digital information signal (which may be combined with an 
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output from another circuit, as discussed in the following paragraph) configured to adjust 
transmitter clock signal TxclkL in response to recovered clock information signal 122. 

[0036] In a preferred embodiment, filter circuit 210 further comprises a phase adjustment 

circuit configured to receive the output of adder 212 and provide a phase adjustment signal 228 
5 in response thereto. The phase adjustment circuit may comprise a multiplier 222 configured to 
multiply an output of adder 212 by a coefficient p, and an integrator 224 configured to provide 
phase adjustment signal 228. Multiplier 222 is preferably a conventional digital filter that 
multiplies information from adder 212 by a second coefficient p, which may be targeted to adjust 
the phase of transmitter clock signal TxclkL in response to recovered clock information signal 

10 122. Preferably, coefficient P has characteristics similar to coefficient a (e.g., it is sufficiently 
small that the bandwidth of the frequency tracking loop remains at or below a predetermined 
threshold, preferably about or less than a 1/n fraction of the RxclkL and/or TxclkL frequency, 
where n is an integer of from 2 to 20, more preferably where n is from 4 to 10). Integrator 224 is 
configured to receive filtered phase information from multiplier 222 and provide phase 

15 adjustment signal 228 to a logic circuit (e.g., adder 216) configured to mathematically combine it 
with filtered frequency tracking information from multiplier 214. 

[0037] Continuing to refer to FIG. 3, the inventive filter circuit includes a logic circuit 

(e.g., adder 220) configured to mathematically combine outputs of the phase alignment block 200 
and the filter block 210. It is well within the abilities of one skilled in the art to design and use 
20 logic configured to provide a mathematically equivalent outcome to that provided by adder 220. 
When 

Exemplary Systems and Networks 

[0038] In a further aspect of the invention, the system comprises the present repeater 

and/or transceiver architecture, and a receiver communicatively coupled to the clock recovery 
25 loop, configured to receive the data and transfer the data to the transmitter. The system may 
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further comprise a clock synthesizer, PLL or other oscillator configured to provide a reference 
clock signal to the transmitter and the receiver. Furthermore, in a preferred implementation, the 
system is embodied on a single integrated circuit. 

[0039] In further embodiments, the receiver may be configured to convert serial data 

5 from a network to parallel data for transferring to the transmitter, and the transmitter may be 
configured to convert parallel data from the receiver to serial data for transmission to a 
destination device in the network. Thus, the receiver may further comprise a deserializer 
operating in accordance with the recovered clock signal, and the transmitter may further 
comprise a serializer operating in accordance with the transmitter clock signal. Each serializer 
10 and/or deserializer may comprise a row, bank or array of memory storage elements (such as 
latches, flip-flops, registers or shift registers) that receive data and that store incoming data in 
response to the appropriate clock transition or level. 

[0040] Furthermore, each receiver and/or transmitter in the system may further include (i) 

a port for communicating with an external device in a network, and/or (ii) an encoder and/or 

15 decoder. Such ports may comprise a buffer (such as an input buffer for the receiver and/or an 
output buffer for the transmitter, and in either case the buffer may be single-ended or 
differential), voltage level shifter or translator, and/or a single-ended to differential or differential 
to single-ended data converter. The encoder may comprise, for example, a conventional 8B/10B 
encoder in the transmitter. The decoder may comprise, for example, a conventional 8B/10B 

20 decoder in the receiver. 

[0041] The system encompasses a multiport repeater, multiplexer and/or transceiver, 

comprising (1) a plurality of receivers, each coupled to a unique one of a plurality of clock 
recovery loops, (2) a plurality of transmitters, each coupled to a unique one of a plurality of low 
pass filters receiving recovered clock information from a corresponding one of the plurality of 
25 clock recovery loops, and (3) a plurality of data paths for transferring data from one of the 
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plurality of receivers to one of the plurality of transmitters. The multiport repeater/multiplexer/ 
transceiver may further comprise (i) a plurality of input ports communicatively coupled to the 
plurality of receivers, (ii) a plurality of output ports communicatively coupled to the plurality of 
transmitters, and/or (iii) a plurality of data path switches, which may communicatively couple 
5 (A) an input or output port to at least a subset of the corresponding plurality of receivers or 
plurality of transmitters in the multiport repeater/multiplexer/transceiver, or (B) at least a subset 
of the plurality of receivers to at least a subset of the plurality of transmitters in the multiport 
repeater/multiplexer/transceiver. 

[0042] Now referring to FIG. 4, a block diagram of an exemplary multiplexer 300 is 

10 shown. Multiplexer 300 may receive serial data from either first host device 302 or second host 
device 304. First host device 302 operates at a first frequency, second host device 304 operates 
at a second frequency the same as or different from the first frequency, and multiplexer 300 
operates at a third frequency the same as or different from either or both of the first and/or second 
frequencies. First host device 302, however, generally transmits serial data at a rate Fi typical of 

15 conventional high-speed networks; e.g., at least 1 Gb/second, preferably at least 1.5 Gb/second, 
and more preferably at least 3.125 Gb/second. Second host device 304 generally transmits serial 
data at a rate F 2 that is also typical of conventional high-speed networks, but which may be the 
same as or different from rate F). Multiplexer 300 generally transmits serial data at a rate F3 that 
is also typical of conventional high-speed networks, but which may ,be the same as or different 

20 from rate Fi and/or rate F 2 (but preferably is the same as at least one of rates Fi and F 2 ). 
Transmission rate F 3 of multiplexer 300 is typically an integer multiple and/or divisor of the 
multiplexer operation frequency (e.g., the third frequency above, multiplied by M/N, where M 
and N are both integers). Thus, the present architecture and system are capable of synchronizing 
data communications across two different time domains, advantageously without need for a FIFO 

25 or elastic buffer. 
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[0043] Multiplexer 300 is generally used by a network controller (or conventional logic, 

such as glue logic, associated with a network controller) to select whether data from first host 
device 302 or second host device 304 is transmitted to destination device 308. The network 
controller or glue logic may send a control signal to multiplexer 300, which then activates or 
5 enables circuitry receiving data from one of the host devices and deactivates or disables circuitry 
receiving data from the other host device. As described above at least in part for the present 
system, such circuitry typically includes one or more switches between (1) each port receiving 
data and at least a corresponding one of the plurality of receivers, (2) each clock recovery loop 
and at least a corresponding one of the plurality of low pass filters, and/or (3) each port 
10 transmitting data and at least a corresponding one of the plurality of transmitters. Alternatively, 
each receiver port-to-transmitter port pathway may be dedicated (i.e., it receives data from only 
one source device and transmits data to only one destination device), but this arrangement is less 
preferred in networks where there are a relatively large number of source and destination devices. 

[0044] A further aspect of the invention concerns a network, comprising (a) a plurality of 

15 the present systems; and (b) a plurality of storage or communications devices, wherein each 
storage or communications device is communicatively coupled to one of the systems. The 
network may be any kind of known network, such as a storage network (e.g., RAID array), 
Ethernet, Gigabit Ethernet, or wireless network, but preferably, the network comprises a Gigabit 
Ethernet network. 

20 [0045] The network may include any known storage or communications device, but 

preferably, at least a plurality of the coupled devices comprise physical layer (PHY) devices, 
media access control (MAC) devices, optical data modules or other optical devices, and/or 
network switch or switch fabric devices. 
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An Exemplary Method 

[0046] The present invention further relates to method of facilitating data transfer, 

comprising the steps of: (a) determining a phase difference between a first periodic signal and a 
second periodic signal, the first periodic signal being recovered from a data stream; (b) adjusting 
5 the second periodic signal in response to the phase difference and filtered information from the 
first periodic signal; and (c) transmitting the data stream in accordance with (or in response to) 
the adjusted second periodic signal. 

[0047] In a further embodiment, the method may further comprise the step(s) of (i) 

receiving the data stream and recovering the first periodic signal therefrom; (ii) transferring data 
10 from (A) the data stream or a circuit receiving the data stream to (B) a transmitter configured to 
transmit serial data to an external device, along a data path that does not include a first-in-first- 
out (FIFO) memory or an elastic buffer; (iii) filtering phase difference information corresponding 
to the phase difference between the recovered clock and the transmitter clock; and/or (iv) 
filtering the recovered clock information. 

15 [0048] In the present method, the adjusting step may comprise combining the filtered 

phase difference information with the filtered information from the recovered clock signal 
RxclkL. As described above, the recovered clock information may comprise recovered clock 
adjustment information, which may be configured to adjust a phase and/or frequency (preferably 
at least a phase) of the recovered clock signal. Furthermore, the step of filtering the recovered 

20 clock (adjustment) information may further comprise tracking a frequency of the recovered clock 
signal. 
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CONCLUSION / SUMMARY 

[0049] Thus, the present invention provides a circuit, architecture, system and method for 

facilitating data communications and/or reducing latency in data communications. 

[0050] The foregoing descriptions of specific embodiments of the present invention have 

5 been presented for purposes of illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms disclosed, and obviously many 
modifications and variations are possible in light of the above teaching. The embodiments were 
chosen and described in order to best explain the principles of the invention and its practical 
application, to thereby enable others skilled in the art to best utilize the invention and various 
10 embodiments with various modifications as are suited to the particular use contemplated. It is 
intended that the scope of the invention be defined by the Claims appended hereto and their 
equivalents. 
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